Critical study of coleoptile elongation controlled by IAA and ABA II. Epidermal surfaces analysed by SEM by Hofer, Rose-Marie et al.
Plant & CcUPhysiol. 18: 735-741 (1977)
Critical study of coleoptile elongation controlled by IAA
and ABA II. Epidermal surfaces analysed by SEM
Rose-Marie Hofer, Claude Schlienger and PauUEmile Pilct
Institute of Plant Biology and Physiology, University of Lausanne, 1005 Lausanne, PI. de la Riponne,
Switzerland
(Received January 31, 1977)
Cell wall surface! of wheat coleoptiles treated with IAA and ABA were observed
using SEM. On in situ and in vitro cultured material, formation of some "cracks" was
observed after stimulated elongation. Sizes and distribution of these "cracks" were
related to longitudinal stress, which increased with increased cell wall elongation.
It is now possible to study the surfaces of plant tissues using Scanning Electron
Microscopy (SEM) (10, 11, 15). Such a technique allows clear discernment of
changes in cell wall structure (3, 12, 16). On the other hand, the growth of a plant
organ is usually tested only by measurement of its axial length (13). And it is well
established that wheat coleoptile elongation may be controlled by exogenous indolyl-
3-acetic acid (IAA) (8, 9, 19) and by abscisic acid (ABA) (1, 20). Consequently,
it was of interest to analyse—using SEM—the changes occuring in cell wall surfaces
during growth of wheat coleoptiles treated or not with IAA and ABA (17).
Material and methods
Coleoptiles of Triticum vulgare, cv. Probus, were cultured for 72 hr (dark; 25
±1°C), and seedlings with 20 ± 1 mm coleoptiles were selected. As previously
described (17), two series of assays were performed; 1) in situ experiments using
coleoptiles of intact seedlings on filter paper with active solutions and 2) in vitro
experiments using 5 mm segments excised at 5 mm from the tip (subapical segments)
and immersed in active solutions (17).
For SEM, two methods of sample preparation were used.
1. After fixation (6 hr) in a 4% buffered gliitaraldehyde solution, dehydration
in a graded series of acetone and drying treatments (critical point drying apparatus
with liquid COa), the specimens were coated with a metallic gold layer (about 40 nm
thick) and observed at 15 keV (11, 18).
2. Fresh material was immediately frozen in liquid nitrogen on the sample
holder, and placed in the microscope at — 150°C for direct observation at 5 keV,
without any coating (7).
Results and discussion
The epidermis of coleoptiles cultured in siti} in the presence of several concen-
trations of IAA showed some "cracks" (Fig. 1 A), when no "cracks" could be detected
in either the control (Fig. IB) or in ABA-treated coleoptiles (Fig. 1C).
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Fig. 1. SEM micrographs of wheat ccleoptilt surfaces. A: Effect of IAA (10~4 M) after 24 hr of in situ
culture. B: Control after 24 hr of in situ culture. C: Effect of ABA (3.8 x 10"8 u) after 24 hr of
in situ culture. Scale bars: 10 fim.
In order to study the formation of these "cracks", 5 mm segments excised at
5 mm from the tip, an area especially sensitive to IAA and ABA treatments (17),
were cultured in vitro. As can be seen in Fig. 2, the apical end (A) of such a seg-
ment, characterized by the greatest growth velocity (17), showed the largest
"cracks". Their density was also maximal at this end of the segment (Fig. 3). The
length and incidence of "cracks" increased with increasing IAA concentrations, as
can be seen in Fig. 2 and 3 on one hand, and in Fig. 4A and 4B on the other. The
sizes of the "cracks" (Fig. 5), as well as their density (Fig. 6) were also enhanced when
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Fig. 1. Variations of the length (in fim±standard error) of "cracks" along the subapical segments of wheat
coleoptiUs treated 24 hr with IAA at several concentrations (0 to 10~K M).
the incubation was longer. For the control and for ABA treated segments, no
"cracks" could be detected after 24 hr.
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Fig. 3. Changes in the density of the "cracks" (expressed by the number of "cracks" per llfiimfi ^standard error)
along the subapical segments of wheat coleoptiUs treated 24 hr with IAA at several concentrations (0 to I0~* M).
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Fig. 4. SEM micrographs of wheat coleoptile surfaces. A: Effect of IAA (10"* M) after 24 hr of culture.
B: Effect of IAA (10"6 M) after 24 hr of culture. Scale ban : 5 pm.
It should be noted that all these results were obtained on samples analyzed after
fixation, dehydration and drying. But quite similar "cracks" could be also observed
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Fig. 5. Variations of the length (in /imj^standard error) of "cracks" along the subapical segments of wheat
coleoptiles in relation with time (0 to 24 hr) of culture in presence of IAA (10~* u).
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Fig. 6. Changes of the density of the "cracks" (see Fig. 3) along the subapical segments of wheat coleoptiles in
relation with time (0 to 24 hr) of culture in theprtsena of IAA (10-* M).
when employing frozen material without any coating (Fig. 7A). In contrast, for the
control and for the ABA treated segments no "cracks" could be detected (Fig. 7B).
Fig. 7. SEM micrographs offroztn wheat coleoptile surfaces. A: Effect of IAA (10~* M) after 24 hr of
culture. B: Control after 24 hr of culture. Scale ban: 20!/im.
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Relations between the formation of these "cracks" and the extension of the
coleoptile segments seem clearly established in the present material. The number
of cells of the outer epidermis of the coleoptile remains constant from the "embryo"
phase to maturity (2), but a slight increase in cell number for the other layers takes
place before the coleoptile is 18 mm long. In the tested segments, growth is directly
proportional to the elongation of all the cells, while the epidermal cells already
present the largest elongation velocity. Exogenous IAA induces a growth sti-
mulation which seems to be correlated to proton excretion, promoting cell wall
loosening (6~). The longitudinal stress increasing within the walls during cell ex-
tension (5) may act on the polylamellate structure of the wall. In such a structure,
successive lamellae show a mainly longitudinal orientation of microfibrils alternating
with lamellae mainly transversally oriented (4) and promote the formation of
"cracks".
It is quite easy to believe that such longitudinal stress, when it is strong enough,
could be the source of the "cracks". In fact, these "cracks" were only observed,
on the epidermal surface when the longitudinal growth was significantly stimulated.
In contrast, they were never found in the control even after 24 hr of incubation or,
much less, on the coleoptile segments treated with ABA at a concentration for which
significant inhibition of elongation was obtained (14, 17).
The several steps of "crack" induction and the physical changes in the micro-
fibril structure during the "crack" formation are now under study.
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